Use of methacrylated alginate for self-healing concrete by Mignon, Arn et al.
HealCON-conference, 28-29 November, 2016, Delft, The Netherlands 
1  
Use of methacrylated alginate for self-healing concrete  A. Mignon1-2), J. Vermeulen2), D. Snoeck1), P. Dubruel2), S. Van Vlierberghe2)  and N. De Belie1)  
1 Magnel Laboratory for Concrete Research, Ghent University, Belgium; e-mail: Arn.Mignon@UGent.be; Joliever.Vermeulen@UGent.be; Didier.Snoeck@UGent.be; Nele.DeBelie@UGent.be  2 Polymer Chemistry and Biomaterials Group, Ghent University, Belgium; e-mail: Peter.Dubruel@UGent.be; Sandra.VanVlierberghe@UGent.be  Keywords: concrete, self-healing, superabsorbent polymer, alginate  ABSTRACT  Superabsorbent polymers (SAPs) are cross-linked networks able to take up aqueous solutions up to several hundred times their own weight. They are used nowadays in diapers, for biomedical purposes and agricultural use. Recently, they have found their way in concrete-related applications. The presence of cracks endangers the durability of concrete. A possibility to stimulate self-healing of cracks is the addition of such a SAP. Upon crack formation, these SAP particles will absorb incoming water and swell, thereby closing the fracture and preventing further infiltration. When the SAP then slowly releases the absorbed water to the surrounding cement particles, it will aid the autogenous healing. One of the major issues is the negative impact these SAPs have on the compressive strength of mortar. The present work reports on the development and the characterization of SAPs based on a polysaccharide (i.e. methacrylated alginate, algMOD) combined with acrylic monomers acrylamide (AM) and/or acrylic acid (AA), with a variation of the degree of methacrylation of the algMOD applied. This is useful to study the effect of the density of the cross-linked network when incorporated in mortar. The resulting materials were characterized in depth using ATR-FTIR spectroscopy, high resolution magic angle spinning (HR-MAS) 1H-NMR spectroscopy, dynamic vapour sorption (DVS) experiments (to assess moisture uptake capacity) and optical microscopy. The influence on the mortar mixtures was examined by flexural and compressive tests. Finally, the effect on the self-sealing and -healing efficiency was tested. The SAPs showed a swelling capacity up to 600 times their own weight. Especially algMOD–AA does not significantly reduce the compressive strength (even upon addition of 1 wt% of this SAP versus cement weight). AlgMOD–AA also shows a very promising self-sealing and -healing behaviour and can be considered a very interesting and relatively cheap solution to seal and heal cracks in concrete.  1. INTRODUCTION  One of the possibilities these days to create self-healing concrete is by incorporating SAPs. They take up several hundred times their own weight [1-5]. However, SAPs take up mixing water when added to mortar or concrete. If no additional water is provided, the workability and the W/C factor of the mixture will be reduced and the needed strength cannot be guaranteed anymore [6]. SAPs release the water taken up again due to a lower relative humidity during the cement hydration process. On 
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the one hand, internal curing is promoted [7]. On the other hand, releasing this water leads to macro pores which negatively influence the strength [8]. As high amounts of SAP (up to 1 wt% compared to the cement mass) are needed for self-healing applications, the strength reduction can be significant. Previous research [9, 10] has shown that the incorporation of synthetic SAPs resulted in a strong self-sealing effect of cracks (especially upon addition of 1 m% with respect to the cement mass) and formation of healing products. However, the bending and compressive strength of mortar drops severely. An interesting alternative is the use of polysaccharides. Alginate has proven to be a high-potential, low-priced biopolymer. In the next step, the two worlds are combined and alginate will be first modified to be able to combine it with acrylic acid (AA) and acrylamide (AM). SAPs will be synthesized with an extremely high swelling potential and will be tested on their effect on the mortar strength and additionally on their self-healing potential.  2. MATERIALS  For the mortar mixture, ordinary Portland cement and silica sand 0/2 was used.  3. METHODS  To test the self-sealing and -healing capacity of SAP-containing mortar, mortar samples were produced based on the methodology described by Snoeck et al. [11]. SAPs were added to the reference mixture in the amounts 0.5 and 1 m% with respect to the cement weight. The molds with dimensions of 160 x 40 x 10 mm³ (seven per series), were filled and after compaction, the samples were stored in a climate chamber for 24 hours at a RH of 95 ± 5% and a temperature of 20 ± 2 °C. The samples were demolded and stored until the age of 28 days in the climate chamber. At the age of 28 days, multiple cracks were formed in the samples by use of a four-point-bending test powered by a servo-hydraulic testing system (Walter + Bai DB 250/15). The displacement rate was fixed at a low value of 0.0015 mm/s to simulate a quasi-static load. The first three samples per test series were loaded until failure occurred and the maximum possible strain was reached at the bottom side of the specimen. The other four samples were subjected to the quasi-static load upon achieving a strain equal to 1% at the bottom side. This strain was theoretically calculated from the curvature and vertical displacement during loading. After cracking, all samples were subjected to wet-dry cycles for 28 days (alternately stored in water for 12 hours, followed by a period of 12 hours at a RH of 60%). At the age of 56 days, the four samples that were loaded until a strain of approximately 1% were reloaded in the same four-point-bending test to the point of failure. As such, a loading and reloading cycle were obtained for each of these samples. In addition, optical microscopy was used to study all seven samples to evaluate the effect of autogenous healing on the sealing of cracks for a variety of crack widths. The samples exposed to 1% strain were investigated after crack formation and at specific time intervals during the wet-dry cycles, more specifically after 3, 7, 14 and 28 days. The samples that were broken from the start were only studied immediately after failure and at the age of 56 days.   4. RESULTS  
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The composition of all tested SAPs can be found in Table 1. For the polymers, both a low and high degree of substitution (DS, amount of double bonds) was tested.  Table 1: Chemical composition and degree of substitution of the developed SAPs.  
Sample ܣ݈݃ܯܱܦܣܣ + ܣܯ g/g 
AA mol% AM mol%   
DS (/OH group) 
p(alg(1)_AA100(7))_H 1/7 100 0 19 
p(alg(1)_AA100(7))_L 1/7 100 0 9 
p(alg(1)_AA75/AM25(7))_H 1/7 75 25 19 
p(alg(1)_AA75/AM25(7))_L 1/7 75 25 9 
 It was found that the regain in first-cracking strength (σfc) for all mortars containing SAPs increased strongly compared to the reference mortar, significant for the samples with a high DS and 1 m% p(alg(1)_AA100(7))_L (Table 2). The values obtained for σfc (6.1 MPa) and regain in σfc (40%) from the reference were in compliance with Snoeck et al [11]. The strongest healing was found for p(alg(1)_AA100(7))_H (63 ± 4 % and 59 ± 7% for 0.5 and 1 m% respectively). Interestingly, this material also showed no effect on the flexural and compressive strength which makes this material extremely interesting. The results obtained for p(alg(1)_AA75/AM25(7))_H were also promising (57.2 ± 4.2 % and 57.0 ± 6.8 % for 0.5 and 1 m% respectively) although they have a more pronounced effect on the compressive strength. There was no significant difference for the multiple cracking MC in any of the samples, although the value of the reference (3.1 ± 0.9 %) was higher than what was found by Snoeck et al (2%, [11]). Nonetheless, most of the values of MC were higher for the samples with SAP which could be related to an increase in the ductility of mortar by addition of SAPs. The polymers act as flaws, which facilitates MC [12].        Table 2: Mechanical properties indicating self-healing capacity of mortars by adding SAPs. 
Sample  SAP conc. [w%] 
σfc [MPa] Regain in σfc [%] MC [%] 
Reference 0.0 6.1 ± 0.9 40.2 ± 7.9 3.1 ± 0.9
p(alg(1)_AA100(7))_H 0.5 1.0 5.4 ± 0.9 4.7 ± 0.6 62.7 ± 4.3 59.0 ± 6.7 2.3 ± 0.13.1 ± 0.0
p(alg(1)_AA100(7))_L 0.5 1.0 5.2 ± 0.6 4.9 ± 0.4 53.9 ± 8.6 55.7 ± 6.6 3.4 ± 0.23.8 ± 0.4
p(alg(1)_AA75/AM25(7))_H 0.5 1.0 5.1 ± 0.4 4.7 ± 0.7 57.2 ± 4.2 57.0 ± 6.8 3.6 ± 0.83.3 ± 1.7
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p(alg(1)_AA75/AM25(7))_L 0.5 1.0 5.6 ± 0.8 6.7 ± 1.3 53.4 ± 10.9 38.2 ± 4.2 4.2 ± 0.72.8 ± 0.4
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